Introduction {#S0001}
============

The number of adults over the age of 60 in the US is expected to double by the year 2050 due to a large, aging baby boomer population.[@CIT0001] In this population, 8--16% of older adults experience symptoms of depression,[@CIT0002] with an estimated 5--7% having a diagnosable major depressive disorder.[@CIT0003],[@CIT0004] In regard to anxiety, 10--20% of older adults experience symptoms and often are misdiagnosed.[@CIT0005] In addition, the National Council on Aging states that fewer than one-third of Americans are meeting the physical activity requirement suggested by the Centers for Disease Control and Prevention.[@CIT0006] Given these facts, it would be logical to explore whether mood and physical activity are related.

In a large, prospective study of over 9000 participants, Azevedo Da Silva and colleagues found a bidirectional association between symptoms of anxiety and depression and physical activity.[@CIT0007] Although physical therapists' education includes biopsychosocial screening and interventions, they are often unable to identify or appropriately screen patients with symptoms of depression.[@CIT0008] This lack of symptom identification may also be common with physicians.[@CIT0009]

Low or decreased physical activity, along with unintentional weight loss (\>10 lbs within the past year), self-reported exhaustion, weakness in grip strength, and slow walking speed are all features of frailty as defined by Fried and colleagues.[@CIT0010] The authors of that study also note that frailty may have a negative effect on psychological and physical well-being.

Measuring grip strength using hand-held dynamometry has been shown to be a clinically useful and time-sensitive option in the screening of physical activity level or functional decline in geriatric populations.[@CIT0011] Not only have studies shown grip strength to be a strong indicator of upper limb strength, but it may also be successful in predicting recurrent falls.[@CIT0011] Furthermore, studies support the use of hand-held dynamometry to identify individuals at risk of mobility limitations and inability to perform instrumental activities of daily living.[@CIT0012]--[@CIT0014]

In the geriatric population, additional physical outcome measures that assess gait, mobility, and balance are valuable when determining physical activity, frailty, and function during everyday life.[@CIT0015],[@CIT0016] Studenski and colleagues found gait speed and the Established Populations for Epidemiologic Studies of the Elderly (EPESE) performance battery to be predictors of decline in health and function in community-dwelling older adults.[@CIT0016] LeBrasseur determined that "gait has a symbiotic relationship with health as alterations can negatively or positively influence the function of multiple physiological systems. Gait is a plausible vital sign in older adults as it is a powerful determinant of important outcomes, including falls, the geriatric syndrome of frailty, the loss of independence, and survival. (p. 1414)[@CIT0017]"

Multiple studies suggest associations between physical function and presence of mood disorders, such as depression and anxiety.[@CIT0018]--[@CIT0020] Nevertheless, limited research exists regarding measures of physical function such as grip strength, balance, gait speed, and fall risk, and their relationship to depression and anxiety.

Therefore, the purpose of this study is to determine the relationship between physical measures including grip strength, balance, and walking speed and measures of anxiety and depression (mood) in community-dwelling older adults.

Methods {#S0002}
=======

Design and Participants {#S0002-S2001}
-----------------------

This prospective, correlational study was performed to investigate the correlation between mood and physical abilities. One hundred and nineteen participants were recruited from organizational contacts of the principal and co-investigators, local health fairs, fitness centers, and independent living facilities in the Midwest by word of mouth presentations (active recruitment), and flyers posted in senior living facilities (passive recruitment). Data collection was conducted by researchers from the University of Indianapolis, at local fitness centers and senior living facilities from January 10th 2015 through April 10th 2016. The sample size was determined by the number of participants that could be recruited over the course of three university semesters. Participants were tested privately unless consent was given for other investigators and participants to be within the room at the same time.

Participants were included in the study if they were: 60 years of age or older, able to walk independently with or without an assistive device, able to read newsprint with or without glasses, and able to hear well enough to carry on a conversation either with or without a hearing aid.

Participants were excluded if they: were currently receiving physical therapy; had an orthopedic surgery within the last 6 months; had been diagnosed with a progressive neurological condition such as Parkinson's disease, multiple sclerosis, Guillain-Barre syndrome, polio, stroke, or Alzheimer disease; or had a history of vertigo, dizziness, or Meniere's disease. As described in more detail in the next section, for the current study, participants (n = 8) who scored at or below 22 out of 30 on the Montreal Cognitive Assessment (MoCA) were tested but excluded from analysis. The purpose of the study was verbally explained to the participants, and informed consent was individually obtained.

The University of Indianapolis' IRB approved this research study (\#1134). The consent was written, informed consent and the study was conducted in accordance with the Declaration of Helsinki.

Procedures {#S0002-S2002}
----------

Participants completed a general health intake form that collected socio-demographic information such as age, race/ethnicity, years of education completed, fall history, perceived health status, and relevant medical history (ie, medication use, level of activity, and exercise participation). All measurement tools were administered by a physical therapist who is a geriatric clinical specialist, a research psychologist, and physical therapy and psychology doctoral students.

The MoCA is a rapid screening tool with high specificity that was administered to assess general cognitive functioning.[@CIT0021] It was determined from previous studies that participants who scored less than 20 out of 30 may demonstrate significant cognitive deficits that would impair their ability to complete the self-report surveys used to assess mood.[@CIT0022] For the purpose of this study, the MoCA was used as a screening tool and was not considered to be a dependent variable. Based on the original research,[@CIT0021] it was determined that participants scoring 22 or lower would be excluded from involvement in the study due to mild cognitive impairment (MCI). The presence of MCI may interfere with memory of a fall and/or appropriate subjective answers to the questionnaires utilized in this study. Eight people were excluded from the study due to this concern. To prevent any concerns of the individual that they were not qualified for any reason, the eight people completed all the tests and were excluded only for data analysis. [Figure 1](#F0001){ref-type="fig"} summarizes the recruitment, eligibility determination, data collection, and data analysis process.Figure 1Participant recruitment, eligibility and exclusion for analysis.

Physical and psychological measures were then completed in a randomized order. Upon conclusion of the study, all participants were given the opportunity to enter into a drawing for one of five \$20 gift cards to a local retail establishment.

Physical Measures {#S0002-S2003}
-----------------

Functional mobility measures of balance and gait speed were assessed using the Timed Up and Go (TUG) and 10-Meter Walk Test (10MWT). The TUG has demonstrated excellent validity and reliability in predicting risk of falls in older adults, and a meta-analysis has shown the TUG to be an excellent predictor of falls.[@CIT0023] Individuals are given verbal instructions to stand up from a chair, walk 3 m as quickly and safely as possible to a cone on the floor, turn around the cone, walk back, and sit down.[@CIT0023] The average score from two trials were calculated for data analysis.

The 10MWT has also been shown to be both valid and reliable in older adults with excellent correlation with other measures of mobility.[@CIT0024] Per standard instruction, each individual was instructed to walk a set distance of 14 m as quickly and as safely as possible. Time was recorded once the participant reached the 2-m marker and ended at the 12-m marker in order to allow for acceleration and deceleration. The distance covered was divided by the time it took the individual to walk 10 m to produce the gait speed. Three trials were collected and averaged for data analysis.

Grip strength was measured using a JAMAR hand dynamometer (Model \#BK-7498; Fred Sammons Inc, Burr Ridge, Illinois).[@CIT0025] The individual was seated with their humerus at 0 degrees abduction and neutral rotation, 90 degrees of elbow flexion, and wrist in neutral.[@CIT0026],[@CIT0027] The average score of the three trials was collected for each hand, and data for the dominant hand was used for analysis.[@CIT0025]

Psychological Measures {#S0002-S2004}
----------------------

Patient levels of anxiety and depression were assessed with the Geriatric Anxiety Scale 1.0 (GAS) and the Geriatric Depression Scale Short Form (GDS-SF). For community-dwelling older adults, the GAS is valid and reliable in measuring symptoms of anxiety.[@CIT0028],[@CIT0029] The GAS is a 30-item, self-report measure where participants rate their symptoms from 0 (not at all) to 3 (all the time) on a Likert-type scale. Higher scores indicate an increased severity of anxiety.

The GDS-SF is a self-rating scale of 15 yes/no items that has been shown to be as valid and reliable as the long version in screening for symptoms of depression in the geriatric population.[@CIT0030],[@CIT0031] Yesavage et al suggest scores of 0 to 4 to be in the normal range, 5 to 9 to indicate mild depression, and 10 to 15 to indicate moderate to severe depression.[@CIT0032]

Statistical Analysis {#S0002-S2005}
--------------------

IBM SPSS Statistics 21 was utilized for the analysis of data. A multivariate, nonparametric (Spearman's rho) correlation was performed to examine the relationships between variables of age, fall history, and physical and psychological measures. A two-tailed correlational significance was determined at the 0.01 and 0.05 levels (*p* \< 0.01 and *p* \< 0.05).

Results {#S0003}
=======

Of the 111 participants, 87 were female with a mean age of 77.1 ±3.8, and 34 were male with a mean age of 74.9 ± 7.2. All analyzed participants identified as Caucasian (white) except eight African-American women, and three African-American men. Participants had a vast array of co-morbidities, but all were independently ambulatory. Significant correlations were found between the following: GAS and grip strength, GDS and TUG, GDS and 10MWT, TUG and 10MWT, GAS and GDS, grip strength and 10MWT, and grip strength and the TUG. Based on information collected from the general health intake form, participants' 6-month fall history was found to be significantly correlated with their average TUG and 10MWT scores. However, there was no correlation between 6-month fall history and grip strength, GAS, or GDS ([Table 1](#T0001){ref-type="table"}). Predictive values were also found for the TUG, 10MWT, GAS, and GDS ([Table 2](#T0002){ref-type="table"}). Strength of correlation coefficients were based on ranges reported by Portney and Watkins.[@CIT0033]Table 1Correlations Between Age, Physical Measures, and Psychological MeasuresAgeTUG Avg10MWTGRIPGASGDS6MO FallAge10.413\*\*−0.266\*\*−0.289\*\*−0.035−0.0290.163TUG Avg--1−0.869\*\*−0.339\*\*0.1430.255\*\*0.10410MWT----10.358\*\*−0.170−0.255\*0.146GRIP------1−0.200\*−0.1270.189GAS--------10.427\*\*−0.101GDS----------1−0.1206MO Fall------------1[^1][^2] Table 2Significant Predictive VariablesIndependent VariableDependent Variable*p* valueβ10MWTAge0.010−0.235Grip strength0.0040.265GDS0.023−0.202Years of education0.0270.194TUG (Avg)Age0.0020.285Grip strength0.038−0.188GDS0.0020.277GAS6-month fall history0.0450.146GDS0.0000.621GDSGAS0.0000.620[^3][^4]

As expected, 10MWT and TUG were highly correlated (*r* = −0.869), which is similar to a study by Lin et al that found a moderate to good correlation (*r* = 0.66).[@CIT0034] A strong correlation was anticipated as both 10MWT and TUG are measures of ambulation and gait speed, however there are slight differences. The 10MWT only assesses gait in one direction from a standing start, and the TUG incorporates sit to/from stand and changes in gait direction.[@CIT0015],[@CIT0035],[@CIT0036] In this study, the correlation is inverted because the data for the 10MWT was documented in speed (meters per second), and the TUG data were documented as total time to complete the task (seconds). Therefore, an increased time to complete the TUG would mean a slower or decreased gait speed.

Fair correlations were found between grip strength and 10MWT (*r* = 0.358) and between grip strength and the TUG (*r* = −0.339). Grip strength was found to be the strongest independent predictor of 10MWT (β = 0.265) but the weakest predictor of the TUG (β = −0.188). Although not as obvious, it makes sense that grip would be correlated and predictive of these physical measures of mobility. Like ambulation, grip has been demonstrated to have a direct relationship with mobility limitations, frailty, and physical disability.[@CIT0012]--[@CIT0014] Just as TUG and 10MWT had an inverse relationship, so did TUG and grip strength. Decreased or low grip strength would infer physical disability or weakness, and an increased TUG time means slower walking speed and therefore infers increased disability or difficulty with ambulation.

The GAS and GDS were moderately and significantly correlated (*r* = 0.43), which is consistent with values reported by Brenes et al; *r* = 0.49, though symptoms of anxiety and depression were measured differently in their study.[@CIT0037] A correlation between GAS and GDS was expected as these disorders often co-exist.[@CIT0038]--[@CIT0041] Our data also show that symptoms of depression and anxiety were predictive of each other (β = 0.620 and 0.621, respectively), with 6-month fall history being an additional predictor of anxiety (β = 0.146).

Discussion {#S0004}
==========

The current body of literature offers limited research regarding the association between measures of physical activity, depression, and anxiety. This study found significant correlations between and within these physical and psychological measures.

Although the disorders of depression and anxiety have similar symptoms, recognizing the differences between each is important. Anxiety is characterized by an irrationalized fear response, despite the absence of any real danger, and can have physical symptoms that include fatigue, irritability, and difficulty sleeping.[@CIT0042] Anxiety often interferes with an individual's confidence and ability to perform normal tasks. Depression is a condition characterized by decreased motivation to perform daily activities, decreased energy levels, feelings of pessimism, and restlessness.[@CIT0042] Brenes et al also found that symptoms of anxiety and depression alone are associated with increased disability in older adults and that levels of disability are even greater when the two are combined.[@CIT0037]

Our analysis shows that grip strength, which is also a predictor of frailty,[@CIT0010] was minimally correlated with anxiety as measured by the GAS (*r* = −0.200). Other studies have shown that anxiety may also be a contributing factor in frailty.[@CIT0043],[@CIT0044] Also, it has been found that anxiety is significantly correlated with disability and is a significant predictor of ability to complete activities of daily living and light housework in a sample of older women,[@CIT0037],[@CIT0045] which supports the findings in the current study's primarily female-based population. Interestingly, our study found that measures of mobility and gait speed, such as the 10MWT and TUG that were used to measure frailty,[@CIT0010] were not correlated to anxiety in this study. A recent longitudinal study that investigated age-related functional decline and muscle loss in a large sample of community-dwelling older adults found that grip strength declined at a considerably faster rate than gait speed over a 2-year period.[@CIT0046] As grip strength declines more quickly than gait speed, it can be assumed that decreased grip strength would be found prior to other criteria for frailty and anxiety, which may explain why grip strength was associated with anxiety in this study but measures of gait speed were not. Perhaps, individuals with decreased grip strength have noticed this decline in strength, which could increase their anxiety about getting older or losing independence during functional activities. Grip strength has also been found to have a direct effect on the quality of life in older adults.[@CIT0047]

In this study, it is plausible that grip strength was correlated with symptoms of anxiety because many participants had a preconceived notion that they would score poorly on this task. In addition, grip strength may not have been correlated with symptoms of depression because the physical and psychological effort involved in the measurement of grip strength was much less than the effort required to perform multiple trials of the 10MWT or TUG.

Symptoms of depression, as measured by GDS, were found to have a direct, though minimal, association with the physical measures of the TUG (*r* = 0.255) and the 10MWT (*r* = −0.255). Our data also show that the GDS was a small predictor of both the TUG (β = 0.277) and 10MWT (β = −0.202). The relationship between depression and physical activity has been examined frequently in the literature, and many studies have found that physical activity can be utilized as a treatment to decrease symptoms of depression.[@CIT0007],[@CIT0048]-[@CIT0050] Brenes et al also found that depression is associated with increased disability (*r* = 0.10).[@CIT0037] Correlations in our study were actually higher than in Brenes et al's study,[@CIT0037] which could be due to the fact that our study used objective measures of physical ability rather than self-report surveys, which obtain perceptions of ability rather than actual ability.[@CIT0045],[@CIT0051] Therefore, individuals with symptoms of depression may have greater risks for decreased mobility performance, and this functional limitation may also lead to an increase in those symptoms.

As expected, 6-month fall history was correlated with the TUG and 10MWT as cut-off scores that predict fall risk in community-dwelling older adults have been well established,[@CIT0052] as well as across a wide array of other populations. The use of the 10MWT has proven to be an invaluable clinical tool in measuring gait speed to determine functional mobility, fall risk, and natural physical decline.[@CIT0046],[@CIT0053],[@CIT0054]

The correlations found in this study have several clinical implications for physical therapists (PTs). First, PTs tend to spend more time with their patients than most other medical professionals. This allows PTs to develop a greater therapeutic alliance and may aid in catching mood patterns that seem "out of the ordinary". Secondly, PTs play a crucial role in helping patients develop an awareness of their deficits so that they can work together to improve functional mobility and return patients to the activities they enjoy doing. Grip strength, gait speed and mobility should be routinely measured in this population. Additionally, successful rehabilitation instills confidence in patients' ability to perform at home and in the community, consequently preventing potential health risks associated with physical inactivity. Lastly, PTs are in the best position to promote health and wellness through home exercise programs, education, and social engagement via community activities. Integrating a holistic, biopsychosocial approach to patient care helps us to determine what is meaningful to the individual and can motivate them to remain active throughout the lifespan.

There are limitations to this study regarding lack of generalizability. The nature of the study, along with the inclusion criteria, limited the amount of variability of the participants. Also, a convenience sample was used, which may have positively skewed the results and also decreased the generalizability of the study. The measures of mood and self-reported fall history may be influenced by participant attitude toward the questions. A number of variables were not included in data collection that may have better clarified the results (eg, a direct, objective measure of fear of falling, a medication profile, body mass index, sleep patterns).

Future studies are needed to further examine these results with a more diverse population of community-dwelling older adults. Further investigation should explore and determine the relationship to fear of falling in this population.

Conclusion {#S0005}
==========

This study was performed to let health professionals know that there is a risk in older adults for mood disorders. Health providers must understand the risk for psychological issues is present with physical problems in order to guide their treatment. We found that, in a population of older adults, there is a significant relationship between some physical and psychological measures. Grip strength could be an indicator of fall risk in older adults and falls can have serious consequences. Grip strength may prove useful in objectively screening for symptoms of anxiety along with its current use of identifying progressive decline in physical function. Given the results of this study, PTs should screen for depression when an older adult performs poorly on the TUG or 10MWT. The screening for depression or anxiety can then be used to refer these patients to the appropriate mental health professional. This study demonstrated that it is imperative for clinicians to consider the relationship between depression or anxiety and physical performance within a biopsychosocial model in older adult populations which should lead to better health outcomes.
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==========
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[^1]: **Notes:** Participants' 6-month fall history (6MO Fall) was found to be significantly correlated to their average TUG and 10MWT scores. No correlation between 6MO Fall and grip strength (GRIP), GAS, or GDS was found. \**p* \< 0.05, two-tailed. \*\**p* \< 0.01, two-tailed.

[^2]: **Abbreviations:** TUG Avg, Timed Up & Go Average; 10MWT, 10-Meter Walk Test; GRIP, grip strength; GAS, Geriatric Anxiety Scale; GDS, Geriatric Depression Scale; 6MO Fall, 6-month fall history.

[^3]: **Notes:** Predictive values were found for the TUG, 10MWT, GAS, and GDS.

[^4]: **Abbreviations**: TUG Avg, Timed Up & Go Average; 10MWT, 10-Meter Walk Test; GAS, Geriatric Anxiety Scale; GDS, Geriatric Depression Scale.
